Abstract. In this work, a linear approach is presented to deal with the bi-objective optimization of biochemical systems. In this approach, an S-system form of the original nonlinear bi-objective problem is first attained. We then obtain a linear bi-objective problem by the logarithmic transformations. A NBI-based approach is presented to solve the obtained linear bi-objective problem. A case study is shown to the effectiveness of the presented linear approach.
Introduction
The optimization of biochemical systems is very important in the metabolic engineering. Many techniques have been presented to deal with the model-based optimization of biochemical systems [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . For example, two geometrical programming strategies were presented to optimize the biochemical systems described by the so-called GMA equations [2, 4] . However, these two strategies possibly cannot yield the globally optimal solutions of biochemical systems [7] . A geometrical programming approach [7] and its improved version [9] have been proposed. Based on the Biochemical Systems Theory [13] , a technique called IOM approach [5, 6] has been presented to deal with the optimization of biochemical systems. Two iterative versions of the IOM method were proposed to enhance the performance of the original IOM algorithm [3, 10] . A bi-level programming method has been proposed to maximize the yield rate of biochemical systems under the minimum process cost [8] .
In this work, we present a linear approach to solve the bi-objective optimization problems of biochemical systems. An S-system form of the original nonlinear bi-objective problem is first obtained. A linear bi-objective problem is then attained by the logarithmic transformations. We present a NBI-based approach to solve the attained linear bi-objective problem. An example is finally shown to the effectiveness of the presented linear approach.
Bi-objective Optimization Problem
A biochemical system can be described by the following equations:
where
 ; the variables i X are the metabolite concentrations, and the variables k Y represent the enzyme activities. In this paper, we consider the following bi-objective problem of biochemical systems:
is the first objective and denotes the production rate of a biochemical system, and ) ( 2 X J is the second objective and represents the sum of the metabolite concentrations i X ;
Solution Approach
In this section, we will propose a linear approach to solve problem (2) . We first represent the biochemical system (1) as the following S-system form [10, 13] :
In the same way, we can obtain the S-system forms
Then we have the following reformulation of problem (2):
This is a bi-objective linear problem. Next, we solve problem (4) based on the NBI method [14] . We first solve the single-objective problems
J be optimal objectives of problems (5) and (6), respectively, and
be the corresponding solutions. We can turn problem (4) into the problem 

, respectively. Now we can obtain the Pareto optimal solutions of problem (4) by solving a set of problems (8) . 
), the solutions of problem (8) will yield t Pareto points.
Computational Study
In this section, we will address the bi-objective optimization of a biochemical system [15] with the presented linear method in this work. This biochemical system is written as: 
Summary
In this work, a linear approach has been presented to solve the bi-objective problem of optimizing a biochemical system. The presented approach is grounded on the S-system form of the nonlinear bi-objective problem. A NBI-based approach has been presented to solve the linear bi-objective problem obtained by the logarithmic transformations. An example has been illustrated to show the effectiveness of the presented linear approach.
